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M (57)Abstract: 

PROBLEM TO BE SOLVED: To form a thin 
I film on a substrate with a large area in 
uniform film thickness by decomposing 
material gas made in a plasma state by 



3 7 2 



means of electric energy into active species, 



depositing the active species on the 



substrate and making the supply time of 



electric energy to be shorter than plasma density relaxation time. 
SOLUTION: A glass substrate 7 is fitted onto the face of an electrode 3 toward 
an electrode 2 as a substrate where an a-Si film is grown. Material gas is 
supplied to a chamber 6 from a material gas holder 5 through a gas jetting port 4. 
The supply/restraint of higher frequency energy are repeated on a power 



generation device 1 , and the halt time of electric energy becomes substantially 



equal to supply time. The material gas of SiH4 is set to a plasma state and SiH4 
is decomposed into the active species. The active species are deposited on the 
glass substrate 7 and the a-Si film is formed. At that time, the supply time of 
electric energy is made to be shorter than plasma density relaxation time and to 
be shorter than temperature relaxation time, if desirable. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is the manufacture approach of a thin film which includes the process 
which repeats supply and a pause of electric energy, the process which makes 
ingredient gas the plasma state with this electric energy, the process which 
decomposes this ingredient gas into active species, and the process which 
makes this active species deposit on a substrate, and the supply time amount of 
this electric energy is the manufacture approach of a thin film shorter than the 
plasma consistency relaxation time. 

[Claim 2] The manufacture approach of a thin film according to claim 1 that said 
electric energy is radio-frequency energy, and the ratio of said supply time 
amount and quiescent time of this radio-frequency energy is 1:1. 



[Claim 3] The manufacture approach of a thin film according to claim 1 or 2 that 
the supply time amount of said electric energy is shorter than 1 m seconds, 
[Claim 4] The manufacture approach of a thin film according to claim 1 or 2 that 
the supply time amount of said electric energy is shorter than the plasma 
temperature relaxation time, 

[Claim 5] The manufacture approach of a thin film according to claim 1 or 2 that 
the supply time amount of said electric energy is shorter than 10 microseconds. 
[Claim 6] The process which repeats supply and a pause of electric energy, and 
the process which makes ingredient gas the plasma state with this electric 
energy, It is the manufacture approach of a thin film which includes the process 
which decomposes this ingredient gas into active species, and the process 
which makes this active species deposit on a substrate, and this electric energy 
is supplied by the RF, At the time of supply of this RF Power P The manufacture 
approach of a thin film that the relation between the area S of the electrode with 
which this electric energy is supplied, and the frequency f of this RF fills the 
following formula:(P (W) /S (m2))0,5>f (MHz). 

[Claim 7] The manufacture approach of a thin film according to claim 6 that the 
ratio of said RF energy supply time amount and quiescent time is 1:1. 



[Claim 8] The manufacture approach of a thin film according to claim 6 or 7 that 
the supply time amount of said electric energy is shorter than 1 m seconds. 
[Claim 9] The manufacture approach of a thin film according to claim 6 or 7 that 
the supply time amount of said electric energy is shorter than the plasma 
temperature relaxation time- 

[Claim 10] The manufacture approach of a thin film according to claim 6 or 7 that 
the supply time amount of said electric energy is shorter than 10 microseconds. 
[Claim 11] the thickness heterogeneity delta of said thin film formed on said 
substrate — following formula:delta=(dmax-dmin)/(dmax+dmin)<0.15 - the 
manufacture approach of a thin film given in either of claims 1-10 which fills the 
thickness of the thinnest part as thickness of the film on the thickness dmin:this 
substrate of the thickest part as thickness of the film on a dmax:this substrate 
here. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the plasma excitation 
chernical-vapor-deposition method used for manufacture of semi-conductor film, 
such as an amorphous silicon (following, a-Si) in electronic industry, an insulator 
layer, etc, in more detail about the manufacture approach of a thin film. 
[0002] 

[Description of the Prior Art] pfasma excitation chemical vapor deposition 
(Chemical Vapor Depositor CVD) — law is excellent in simple nature and 
operability. Therefore, it is used for manufacturing the thin film of various 
electron devices, such as an integrated circuit, a liquid crystal display, and an 
amorphous solar cell. 

[0003] The general approach of the conventional plasma-CVD method is 
explained below. An electric energy difference is given between the electrodes 
of two sheets which each other were insulated electrically, and countered in 
parallel mutually, and were arranged in the chamber, and the plasma is 
generated. And ingredient gas is supplied to the field which generated the 
plasma, and this plasma decomposes ingredient gas and it is made to dissociate. 
Thus, film, such as semi-conductor film, is formed using the gas made to 
dissociate on the substrate which consists of silicon, glass, etc. which were 



attached in one electrode. As a means to give an electric energy difference, the 
power of the RF whose frequency is 13.56MHz is usually used. One electrode is 
made into touch-down potential, high-frequency power is supplied to the 
electrode with which another side counters, the electric field of a RF are 
generated between two electrodes, and dielectric breakdown is made to cause. 
Consequently, a glow discharge phenomenon is caused and the plasma is 
generated. In the above plasma-CVD methods, various new proposals are made 
with the advance of plasma engineering in recent years and semi-conductor 
engineering. When an example is given, there are some (J P, 8-288228, A) which 
improve the membraneous quality of the semi-conductor film formed by 
pulse-izing generation of the plasma in time. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the conventional 
plasma-CVD method is applicable to the membrane formation to a small area 
substrate, it is difficult to form membranes by uniform thickness to large area 
electron devices, such as a liquid crystal display and an amorphous solar cell, 
and it cannot apply it to them. 

[0005] When producing large area electron devices, such as a liquid crystal 



display and an amorphous solar cell, especially, the magnitude of the substrate 
has aim desirable thing from dozens of cm, and enlargement of the substrate 
formed is demanded strongly. However, in the case of an amorphous solar cell, 
if it changes on the substrate whose thickness of the a-Si film which is a 
photo-electric-conversion layer is one, an optical beam induced current and the 
partial difference in photoelectromotive force will be caused, for example. That is, 
by large area-ization of a substrate, the conversion efficiency of a solar battery is 
decreased and a result to which the engine performance is reduced is brought. 
Therefore, the approach applicable also to a large area substrate of forming 
uniform thickness on a substrate is desired. 

[0006] this invention persons found out that there were the following factors, as a 
result of examining the problem in which the remarkable film of uneven thickness 
is formed especially with a large area substrate. As one factor, in the edge and 
center section of the pfasma generating field, the amount of generation and/or 
the amount of loss of the plasma and a radical particle differ from each other, 
and it is mentioned that the consistency of the plasma and a radical particle 
changes with spatial inclination. 

[0007] Moreover, it is mentioned that the power which generates plasma, such 



as a RF, is not supplied to homogeneity all over a substrate by the partial 
difference in electric contact of the inductance which an electrode member has, 
or electrode components etc., consequently the density gradient of the plasma 
and a radical particle as well as a previous factor arises by it as another factor. 
[0008] furthermore, the above - if a density gradient [ like ] exists, the inclination 
of the electrical characteristics of the plasma will occur and a result by which the 
density gradient of the plasma and a radical particle is promoted by that cause 
further will be brought If distribution of the p[asma consistency of big inclination 
exists, the consistency of the radical which is dissociated by the plasma and 
grows up to be a substrate will also serve as uneven distribution, therefore the 
thickness of the film formed on a substrate will change with locations, and the 
uniformity of thickness will be spoiled. 

[0009] In order to improve uneven distribution of the thickness formed on a 
substrate, the equipment designed so that the electrical property over a RF 
might become uniform within an electrode surface is indicated by JP,6-5522,A. 
[0010] In the above-mentioned official report, improving the heterogeneity within 
a field of a supply-voltage consistency is indicated by by forming wave-like 
irregularity in the center-section front face of an electrode surface, and making 



electrostatic capacity increase locally. However, it is difficult to solve the 
heterogeneity of the membrane formation which originates in the difference of 
the amount of generation of the plasma and radical particle in an edge and a 
center section of the plasma field which were mentioned above, and/or the 
amount of loss with this equipment. Furthermore, the operation effectiveness by 
the partial difference in electric contact of the inductance which the above 
electrode members have, and electrode components etc. of improving the 
heterogeneity of a supply-voltage consistency is not clear, either. Furthermore, 
in the production process of this equipment in order to form wave-like 
irregularity in an electrode surface, there is a problem of needing advanced 
machine precision, 

[0011] Made in order that this invention may solve the above-mentioned 
technical problem, the purpose of this invention is to offer the manufacture 
approach of the thin film which can form membranes by uniform thickness afso in 
a large area substrate. 
[0012] 

[Means for Solving the Problem] The manufacture approach of the thin film of 
this invention includes the process which repeats supply and a pause of electric 



energy, the process which makes ingredient gas the plasma state with this 
electric energy, the process which decomposes this ingredient gas into active 
species, and the process which makes this active species deposit on a substrate, 
and is shorter than the plasma consistency relaxation time. [ of the supply time 
amount of this electric energy ] 

[0013] In a suitable embodiment, the above-mentioned electric energy is 

radio-frequency energy, and the ratio of the above-mentioned supply time 

amount of this radio-frequency energy and the quiescent time is 1:1. 

[0014] In a suitable embodiment, the supply time amount of the 

above-mentioned electric energy is shorter than 1 m seconds. 

[0015] In a suitable embodiment, the supply time amount of the 

above-mentioned electric energy is shorter than the plasma temperature 

relaxation time. 

[0016] in a suitable embodiment, the supply time amount of the 
above-mentioned electric energy is shorter than 10 microseconds. 
[0017] In another aspect of affairs of this invention the manufacture approach of 
the thin film of this invention The process which repeats supply and a pause of 
electric energy, and the process which makes ingredient gas the plasma state 



with this electric energy, The process which decomposes this ingredient gas into 
active species, and the process which makes this active species deposit on a 
substrate are included, and this electric energy is supplied by the RF. At the time 
of supply of this RF Power P Formula:(P (W) /S (m2)) 0>5>f of the following 
[ relation / between the area S of the electrode with which this electric energy is 
supplied, and the frequency f of this RF ] (MHz) (1 ) is filled. 
[0018] In a suitable embodiment, the ratio of the above-mentioned RF energy 
supply time amount and the quiescent time is 1:1. 

[0019] In a suitable embodiment, the supply time amount of the 
above-mentioned electric energy is shorter than 1 m seconds. 
[0020] In a suitable embodiment, the supply time amount of the 
above-mentioned electric energy is shorter than the plasma temperature 
relaxation time. 

[0021] In the suitable embodiment of this invention, the supply time amount of 
the above-mentioned electric energy is shorter than 10 microseconds. 
[0022] Thickness heterogeneity delta:delta =(dmax-dmin)/(dmax+dmin) of the 
above-mentioned thin film formed on the above-mentioned substrate in the 
suitable embodiment of this invention (2) It is here and is 



delta=(dmax-dmin)/(dmax+clmiri)<0.15 about the thickness of the thinnest part 
as thickness of the film on the thickness dmin:this substrate of the thickest part 
as thickness of the film on a dmax:this substrate. (3) is filled. 
[0023] When generation of the plasma begins to take place, the vocabulary "the 
consistency relaxation time" here Generation of the plasma fully progresses, it is 
stabilized in time, there is almost no consistency change, and it defines as time 
amount until a plasma consistency reaches a steady state mostly. In fact When 
generation of the plasma is lost, it is measured as time amount taken for a 
consistency to decrease even to 1/e of the plasma consistency of a saturation 
state. The temperature relaxation time and the rate relaxation time are defined 
as time amount taken for temperature and a rate to result in a steady state, 
respectively. In the mechanism of plasma generating, it is weil-known to this 
contractor to happen in order of rate relaxation, temperature relaxation, and 
consistency relaxation. 

[0024] As one example of the measuring method of the consistency relaxation 
time, the probe using the needle of the metal which had the perimeter covered 
with an insulating material, and the so-called probe is mentioned. More, in a 
detail, this approach inserts a probe into the plasma, impresses sufficient 



negative potential for a probe, or forward potential, observes time amount 
change of the ion saturation current or the electronic saturation current, and 
measures the place where the value rose even to 1/e to that saturation level as 
the consistency relaxation time in it. The temperature relaxation time observes 
time amount change of the emission spectrum of two neutral particles for 
example, in the plasma, analyzes it in consideration of the electron-temperature 
dependency of each transition level, asks for time amount change of electron 
temperature, and can measure it as time amount to which it reaches a steady 
state mostly. And generally, when forming the semi-conductor film of a-Si, it is 
well-known that the consistency relaxation time, the temperature relaxation time, 
and the rate relaxation time are about 1000 microseconds, about 10 
microseconds, and about 0.01 microseconds, respectively (Ryohei Itaya, 
application physics 64 (1995) 526). 
[0025] Below, an operation of this invention is explained. 

[0026] According to this invention, the supply time amount of electric energy is 
set up shorter than the plasma consistency relaxation time. For this reason, a 
plasma consistency is not fully saturated and has not reached the steady state 
according to the supplied energy. Since it is quicker to change into the 



temperature of the plasma the energy which is equivalent to the plasma 
consistency of a steady state among the energy absorbed by the plasma at the 
plasma consistency of an insufficiency, i.e., the energy which should be 
absorbed by the steady state at the plasma of an insufficiency, it is used for 
raising the temperature of the plasma. 

[0027] Plasma temperature becomes higher than the temperature of a steady 
state as mentioned above, and the diffusing capacity of plasma particles 
increases depending on temperature. Therefore, a location which there are few 
amounts of generation of the plasma like a plasma edge, and has many 
amounts of loss also has many amounts of generation of the plasma like a 
plasma core, and plasma particles can spread and arrive at it from a location 
with few amounts of loss. Therefore, a plasma consistency may be uniformly 
distributed in respect of a substrate. Consequently, even when forming 
membranes on a large-sized substrate, it becomes possible to manufacture the 
uniform thin film of thickness in respect of a substrate. As mentioned above, 
when forming the semi-conductor film of a-Si, the plasma consistency relaxation 
time is about 1m second (= 1000 microseconds). 

[0028] Furthermore, in the suitable embodiment of this invention, the supply time 



amount of electric energy is set up shorter than the plasma temperature 
relaxation time. For this reason, a plasma consistency and temperature have not 
reached the steady state according to the supplied energy. Since it is quicker to 
change into a plasma rate the energy which is equivalent to the plasma 
consistency and temperature of a steady state among the energy absorbed by 
the plasma at the plasma consistency and temperature of an insufficiency, i.e., 
the energy which should be absorbed by the steady state at the plasma of an 
insufficiency, it is used for being absorbed by the high-speed plasma-particles 
group and increasing the rate. In this case, although consistency relaxation is 
not reached, the operation as the above with it enables it to manufacture the 
more uniform thin film of thickness in respect of a substrate rather than the case 
where temperature relaxation is reached. [ the high consequently diffusing 
capacity of plasma particles and ] [ still more nearly same ] As mentioned above, 
when forming the semi-conductor film of a~Si, the temperature relaxation time is 
about 10 microseconds. 

[0029] According to another aspect of affairs of this invention, it is set up so that 
the relation between the area S of the electrode with which electric energy is 
supplied by the RF and Power P and electric energy are supplied at the time of 



supply of a RF, and the frequency f of this RF may fill a formula (1). 
[0030] 

(P (W) /S (m2)) 0.5>f (MHz) (1) By specifying a physical-properties value in this 
way, the inductance of an electrode member and the diffusing capacity of 
plasma particles can be balanced, and it becomes possible to manufacture the 
outstanding thin film of thickness homogeneity. 
[0031] 

[Embodiment of the Invention] Although the desirable operation gestalt of this 
invention is explained with reference to a drawing, this invention is not limited to 
these operation gestalten. 

[0032] Drawing 1 is the schematic diagram showing the configuration of the 
thin-film-fabrication equipment 100 used for the desirable operation gestalt of 
this invention. This equipment 100 is equipped with the power generator 1, the 
ingredient gas holder 5, and a chamber 6. Including a matching circuit (not 
shown), the power generator 1 can repeat supply and a pause of 
radio-frequency energy 10, as typically shown in drawing 2 . Electrodes 2 and 3 
are countered and arranged in the interior of a chamber 6. the electrode for 
high-frequency excitation in an electrode 2 - it is - a 1mx1m conductor -- the 



plate was used. An electrode 3 serves as a substrate electrode holder, and is 
grounded. On the field which faces to the electrode 2 of an electrode 3, the glass 
substrate 7 is attached as a substrate into which the a-Si film is grown up. From 
the ingredient gas holder 5, ingredient gas passes along a gas port 4, and is 
supplied to a chamber 6. 

[0033] Using this equipment, it is the following, and the a-Si film was made and 
manufactured. Here, the pressure was set to 100Pa. About 27.12MHz RF 
energy supply and the pause were repeated with the power generator 1, and it 
gave. At this time, the quiescent time T2 of electric energy was substantially 
made equal with the supply time amount T1. The ingredient gas of SiH4 was 
made into the plasma state, and SiH4 was decomposed into active species. This 
active species was made to deposit on a glass substrate 7, and the a-Si film was 
formed. In this manufacture approach, the supply time amount T1 of electric 
energy was changed, and the thickness distribution delta of the a-Si film which 
grew on the substrate {it defines by the formula (2)) was measured. A result is 
shown in drawing 3 . 

delta=(dmax-dmin)/(dmax+dmfn) (2) Here, it is the thickness of the thinnest part 
as thickness of the film on the thickness drnin:this substrate of the thickest part 



as thickness of the film on a dmax:this substrate, 

[0034] When drawing 3 is seen and supply time amount is more than 1000 
microsecond (=1 m seconds), the thickness heterogeneity delta is over 60%. On 
the other hand, when the supply time amount which is the operation gestalt of 
this invention is less than 1000 microseconds, compared with the case where it 
is 1000 microseconds or more, the thickness heterogeneity delta decreases 
rapidly, for example, it becomes the base of 20% in 100 microseconds. 
[0035] As mentioned above, when forming a-Si, as for this kind of the 
consistency relaxation time in the plasma, the temperature relaxation time, and 
the rate relaxation time, it is well-known that they are about 1000 microseconds, 
about 10 microseconds, and about 0.01 microseconds, respectively. Therefore, 
although 10-microsecond or more the time amount of 1000 or less microseconds 
has reached temperature relaxation, it is a period which has not reached 
consistency relaxation. 

[0036] Since the piasma consistency has not fully increased yet when the 
elapsed time after starting supply of electric energy is 1000 or less microseconds 
10 microseconds or more, the energy absorbed by the plasma serves to push up 
the temperature of the plasma more highly than a steady state. 



[0037] Therefore, if supply time amount is set up with 1000 or less microseconds 
10 microseconds or more, the plasma with temperature higher than a steady 
state will be generated. If the temperature of the plasma becomes high, diffusion 
of plasma particles will be promoted, a location which there are few amounts of 
generation of the plasma like a plasma edge, and has many amounts of loss 
also has many amounts of generation of the plasma like a plasma core, plasma 
particles will be spread from a location with few amounts of loss, and it will be 
thought that a plasma consistency is equalized more. Consequently, it becomes 
possible to also equalize the active species concentration of the ingredient gas 
used for membrane formation, and to form the a-Si film to homogeneity more in 
a substrate side. That is, it becomes possible by setting supply time amount 
below to the consistency relaxation time of the plasma to form the outstanding 
film of thickness homogeneity, 

[0038] However, in the equipment which uses the approach of this invention, 
although it is necessary to measure the consistency relaxation time beforehand 
on the occasion of a setup of supply time amount, measurement of the 
consistency relaxation time is sometimes difficult. For example, it is the case 
where it is anxious about the impurity contamination from a probe front face, and 



a probe cannot be inserted into equipment. In such a case, measurement of the 
consistency relaxation time may be omitted, and the consistency relaxation time 
may be replaced and set as the time amount of 1000 microseconds (=1 m 
seconds) generally known. Even if this invention persons set up in this way, they 
have found out experientialiy that thickness distribution (thickness 
heterogeneity) good almost similarly is acquired. 

[0039] Furthermore, from drawing 3 , when supply time amount is 10 
microseconds or more, the thickness heterogeneity delta is over 20%, but if 
supply time amount is decreased from 10 microseconds, the thickness 
heterogeneity delta will decrease on the base of 10% rapidly. This is considered 
to be based on the following reasons. Temperature relaxation is not reached 
although supply time amount has reached rate relaxation 0,01 microseconds or 
more in the period which is 10 or less microseconds. That is, it is not the 
Maxwellian distribution which is thermal equiiibrium distribution, in this case, the 
supplied energy is absorbed by the high-speed plasma-particles group. Supply 
time amount tends [ further ] to diffuse these high-speed plasma-particles groups 
compared with 10-microsecond or more the plasma particles in the case of being 
1000 or less microseconds, and they contribute distribution of a plasma 



consistency to equalizing more. Therefore, it is thought that the film formed is 
grown up more into homogeneity. Therefore, it becomes possible by setting 
supply time amount below to the temperature relaxation time of the plasma to 
form the outstanding film of thickness homogeneity. 

[0040] However, in the equipment which uses the approach of this invention, 
although it is necessary to measure the temperature relaxation time beforehand 
on the occasion of a setup of supply time amount, measurement of the 
temperature relaxation time is sometimes difficult. For example, it is the case 
where the tooth space in which the spectroscope for emission spectrum analysis 
for a thermometry is installed is not obtained enough. In such a case, 
measurement of the temperature relaxation time may be omitted, and the 
temperature relaxation time may be replaced and set as the time amount of 10 
microseconds generally known. Even if this invention persons set up in this way, 
they have found out experientially that thickness distribution good almost 
similarly is acquired. 

[0041] As stated above, as for a difference of the amount of generation of the 
plasma by the location within an electrode surface pointed out as one of the 
factors in which thickness heterogeneity increases, or a radical particle, and/or 



the amount of loss, the effect can be made sufficiently small by diffusion of 
plasma particles. That is, by making supply time amount of electric energy 
sufficiently small, diffusion of plasma particles is promoted, the spatial density 
gradient of the plasma and a radical particle becomes small, and the thickness 
heterogeneity delta of the film formed becomes possible [ making it small ]. The 
supply time amount of electric energy is shorter than the plasma consistency 
relaxation time, and more preferably shorter than the temperature relaxation 
time. Preferably, the supply time amount of electric energy is less than [ 1m 
second J, and is less than 10 microseconds still more preferably. 
[0042] Although the RF whose frequencies are about 13.56 - 100MHz of 
abbreviation is common as a class of electric energy supply power source in the 
manufacture approach of the above thin films, it does not depend for the 
above-mentioned operation effectiveness on the class of energy supply power 

re- 
source only depending on the generated plasma. That is, the same 

effectiveness is acquired even if it uses DC power supply, low frequency a kHz 

[ hundreds of / or less ]. a UHF band RF 100MHz [ or more ], and microwave 

1 GHz or more. 

[0043] Furthermore, in this operation gestalt, although the ratio of supply time 

i - 
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amount and the quiescent time indicated the case where it was about 1:1, this 
invention is not limited to this but can take the ratio of the suitable supply time 
amount and the quiescent time of arbitration. This ratio is about 1:10 to 1:0.1, 
and is about 1:1 more preferably. 

[0044] Next, another desirable operation gestalt of this invention is explained. 
The equipment used in this operation gestalt is equipment of the same 
configuration as what was shown in drawing 1 . SiH4 was used for ingredient 
gas, the pressure was set to 30-1 OOPa, and the RF of about 13.56 - 54.24MHz 
of abbreviation was used as electric energy. On the electrode 2 for 
high-frequency excitation, and the earth electrode 3 which counters, the glass 
substrate 7 of the almost same magnitude as an electrode 2 was installed as a 
substrate into which the a-Si film is grown up. here -- as the area S of an 
electrode - about 0.04 m2 (about 20cm angle) and about 0.16 -- m2 (about 
40cm angle) - about 1.0m, using the thing of three kinds of magnitude of 2 
(about 1m angle), the a-Si film was formed like the point and the thickness 
heterogeneity delta was compared. 

[0045] The result of having investigated experimentally what kind of effect the 
relation between the area S of the electrode with which drawing 4 is carried out 



in this way, and electric energy supply is made by the RF, and Power P and this 
electric energy supply are made at the time of supply of this RF, and the 
frequency f of this RF having had on the thickness distribution formed is shown. 
It sets to drawing 4 and is :(P (W) /S (m2)) 0.5=f (MHz). A right-hand side field is 
the operation gestalt of this invention bordering on (4), and the other field is not 
the operation gestalt of this invention. For O in drawing, the heterogeneity delta 
of thickness is formula (3):delta=(dmax-dmin)/(dmax+dmin)<0.15. When [ good ] 
going into the field of (3), x is the unsuitable case where it does not go into the 
field of a formula (3). 

[0046] As shown in drawing 4 , when P/S is taken aiong an axis of abscissa, it 
turns out that the difference arising from the electrode surface product S did not 
appear on the graph, but the property of thickness distribution was decided by 
power flux density (P/S). In the operation gestalt of this invention, the uniform 
a-Si film of thickness with which the thickness heterogeneity delta goes into the 
field of a formula (3) was formed so that the relation between three parameters 
(P, S, f) might fill a formula (1) and might be altogether expressed with O. 
[0047] As a factor which the uneven thickness distribution which does not go into 
the field of a formula (3) generates, it can think as follows, the conductor which 



constitutes an electrode if an electrode surface product becomes large - 
components are also enlarged, consequently the inductance (L) of an electrode 
becomes large. Then, even if it is in the same electrode, the potential difference 
occurs between the locations distant from the feeding point and the feeding point 
to an electrode. Consequently, the problem that the amount of supply of 
high-frequency power differs within an electrode surface arises. Furthermore, 
that contact resistance changes [ the electric contact between electrode 
components ] with locations, when dispersion is in the mechanical precision of 
an electrode part, change of electrical characteristics is produced. In such a 
case, the potential difference in an electrode surface increases further. 
Therefore, the power of the RF which generates the plasma is not supplied to 
homogeneity all over a substrate. Consequently, the density distribution of the 
plasma and a radical particle arises, 

[0048] On the other hand, when a certain relation was filled between the area S 
of the electrode with which Power P and electric energy are supplied at the time 
of supply of a RF, and the frequency f of a RF, it turned out that the problem of 
the above-mentioned uneven thickness distribution is solved, and it becomes 
good distribution. That is, from drawing 4 F when the relation between three 



parameters (P, S, f) described previously filled a formula (1), it was drawn 
experimentally that the good thickness distribution with which a formula (3) is 
filled is acquired. 

[0049] As a factor of this phenomenon, it thinks as follows. Although the 
difference in the amount of supply of the high-frequency power within an 
electrode surface comes out with the inductance (L) which an electrode member 
mainly has as stated previously, an inductance is effective by 2x pixfxL as an 
impedance. That is, in proportion to f, the effect of the RF potential difference or 
power supply heterogeneity on L occurs. Even when the supply-voltage surface 
density (P/S) of a RF served as the above magnitude to some extent and power 
is supplied to an ununiformity, it becomes sufficient yield to spread plasma 
particles (charged particle) two-dimensional, and offset the potential difference 
of the RF within a field. That is, since that diffusion of the potential difference 
counter acting effect by this plasma particle diffusion is two-dimensional, it is 
thought that it is proportional to the square root of P/S. Therefore, the boundary 
of whether the thickness heterogeneity delta fills a formula (3) becomes settled 
by making f and the square root of P/S balance. However, such a balance 
multiplier is very difficult to derive theoretically. Therefore, it is necessary to ask 



experimentally like drawing 4 , and according to this invention, the conditions 
which give the uniform thin film of thickness are offered by setting a multiplier to 
1. 

[0050] Even if relational expression like a formula (1) does not repeat supply and 
a pause of the energy for generating the plasma but is continuous, it is effective, 
However, since it will be restricted beyond the value which has a membrane 
formation rate within the condition with which a formula (1) is filled in continuous 
energy supply, it becomes difficult to control thickness, when forming a thin film 
with thin thickness. If it states in detail, time amount since it begins to supply 
energy when forming membranes, until discharge is occurred and stabilized will 
take before or after 10 seconds. If the minimum value of the membrane 
formation rate within the condition with which a formula (1) is filled carries out in 
1 0A/second of a typical value here, in continuous energy supply, it is difficult to 
control and form the thin film of thickness 100A or less. For example, the p type 
semiconductor layer of an a-Si solar battery may be set up by thickness 100A or 
less. If supply and a pause of energy are repeated at this time, if the ratio of 
supply time amount and the quiescent time is set up with about 1 :9, a membrane 
formation rate will become a second in 1A /, and it will become possible to 



control and form the thin film of thickness 100A or less, for example. That is, in 
order to apply effectively the conditions expressed with a formula (1), it is 
required for energy to also repeat supply and a pause. 

[0051] Furthermore, if membranes are formed on conditions with which supply 
time amount is set to the consistency relaxation time of the plasma, or below the 
temperature relaxation time, and a formula (1) is filled, thickness homogeneity 
will increase further. Because, on the other hand, it is setting supply time amount 
to the consistency relaxation time of the plasma, or below the temperature 
relaxation time, and diffusion of plasma particles is urged and the plasma grain 
density distribution by the location dependency of the amount of plasma 
production and/or the amount of loss is equalized. By forming membranes on the 
other hand on conditions with which a formula (1) is filled, plasma particles 
(charged particle) serve as sufficient yield to be spread two-dimensional and 
offset the potential difference of the RF within a field, and can correct 
supply-voltage heterogeneity. Therefore, both effectiveness will be multiplied 
and thickness homogeneity will increase further 

[0052] [f the above approaches are used, it is possible to improve thickness 
homogeneity. However, unless other conditions, for example, the flow rate of 



gas, the pressure of gas, or the mechanical flatness of an electrode surface is 
set up appropriately, thickness distribution homogeneity does not improve. 
Therefore, it is necessary to set up appropriately also about other conditions. 
Thus, various conditions are set up appropriately and it becomes possible to 
manufacture the thin film which can be used in a liquid crystal display, actual 
semi-conductor film, i.e., integrated circuit, an amorphous solar cell, etc. 
[0053] Although the above explained the membrane formation approach of the 
semi-conductor film centering on a-Si, ingredient gas is not limited to SiH4, but 
the suitable gas of arbitration is used. The same effectiveness is acquired also to 
membrane formation of insulator layers, such as a silicon nitride film and an 
oxidation silicone film, only by the approach of this invention changing ingredient 
gas. 
[0054] 

[Example] Below, the example of this invention is explained at a detail. 
(Example 1) The membrane formation approach and the thickness 
heterogeneity delta when actually forming the a-Si film based on this invention 
are shown below. At this time, the p!asma-CVD equipment of the same 
configuration as drawing 1 explained with the gestalt of implementation of 



invention was used. In order to heat a substrate (it is about 200 degrees C at 
substrate temperature), the heater (not shown) is attached behind [ of holding 
the substrate ] the substrate electrode holder 3. Moreover, it was used, having 
also attached the mechanical booster pump for discharging gas, and the rotary 
pump in equipment. Furthermore, from the electrode surface, the double probe 
(it consists of two metal needles) was installed in the place of about 15mm, and 
time amount change of a plasma consistency was measured. Moreover, time 
amount change of plasma temperature carried out the spectrometry of the 
luminescence obtained from the observation window of the attached quartz 
glass, and measured it by the spectrum (an H alpha line and H2 line) of H atom 
and H molecule, ingredient gas was SiH4 (about 1000 flow rate sccm(s)), used 
about 27.12MHz RF (power P = about 2500 W) as energy which performs 
electric energy supply, and arranged the glass substrate 7 as a substrate into 
which the a-Si film is grown up on the electrode which excites a RF, and the 
earth electrode (= substrate electrode holder) 3 which counters, using a 1mx1m 
thing as an electrode 2 which excites a RF. And supply time amount (T1=T) and 
a pressure were changed (shown in condition [ of Table 1 ] (2) - (4)), and 
thickness distribution (it defines by the formula (2)) of the a-Si film which grew on 



the substrate was measured. Time amount T2 which stops electric energy 
supply at this time was also made equal to T. A result is shown in Table 1 . 
(Example 1 of a comparison) As shown in the conditions (1) of Table 1, except 
having changed the conditions of supply time amount and a pressure, like the 
example 1, the a-Si film was formed on the substrate and the thickness 
distribution was measured. Similarly a result is shown in Table 1. 
[0055] 
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With reference to Table 1, conditions (1) with a pressure of about 100Pa, (2), 
and (4) are described first. In the case of the continuous discharge (="cw") 
(conditions (1)) of the example 1 of a comparison, the heterogeneity delta 
defined by the formula (2) reached to about 72%. On the other hand, in the case 
of T = about 100 microseconds (conditions (2)) of an example 1, it decreased 
even to about 30%, and, in the case of T = about 2 microseconds (conditions (4)), 
it decreased even to about 10%. In the case (conditions (3)) of pressure [ about 



40Pa ] of an example 1, even if it was T ~ about 100 microseconds, the 
thickness heterogeneity delta decreased even to about 14%. 
[0056] As for the relaxation time, the temperature relaxation time was measured 
for the consistency relaxation time with about 8.6 microseconds for about 920 
microseconds. Thereby, as shown in Table 1, the case of T = about 100 
microseconds is [ T ] conditions shorter than the consistency relaxation time of 
the plasma, and the case of T = about 2 microseconds is [ T ] conditions [ shorter 
than the consistency relaxation time of the plasma and ] shorter than the 
temperature relaxation time. That is, it succeeded in decreasing thickness 
heterogeneity by what supply time amount is made for shorter than the 
consistency relaxation time (conditions (2), (3), (4)). Furthermore, it succeeded 
in decreasing the thickness heterogeneity delta further by what supply time 
amount is made for shorter than the temperature relaxation time (conditions (4)). 
[0057] Especially the thin film produced by conditions (3) and (4) among 
examples 1 fills a formula (3), and the better conditions of thickness distribution 
are realized, 

[0058] (Example 2) The result is indicated below to be the membrane formation 
approach when actually forming the a-Si film based on this invention. The used 



experimental device and the approach are the same as that of an example 1 
except for the matter described below, 

[0059] the used RF a frequency -- it is f = about 27.12MHz. In the case of this 
frequency f, the conditions of the desirable power P given by the formula (1) are 
set to about 735 W, The power P of supply energy was changed even to about 
4000 W from about 1000W. Moreover, the ratio of the supply time amount T1 of 
electric energy and the quiescent time T2 was set up with about 1 :9. 
[0060] At this time, the thickness heterogeneity delta of the a-Si film formed on 
the substrate was measured. A result is shown in drawing 5 . When Power P 
was about 1000W or more, the thickness heterogeneity delta became 15% or 
less from drawing 5 . 

[0061] (Example 2 of a comparison) Power P about 150 - W and about 700 ~- 
except having been referred to as W, like the example 2, the a-Si film was 
formed on the substrate and the thickness distribution was measured. Similarly a 
result is shown in drawing 5 . When Power P was about 700W or less, the 
thickness heterogeneity delta became 15% or more from drawing 5 . That is, 
membrane formation of the a-Si film of good thickness distribution was attained 
from the example 2 and the example 2 of a comparison by using the desirable 



power conditions given by the formula (1). 

[0062] (Example 3) The result is indicated below to be the membrane formation 
approach when actually forming the a-Si film based on this invention. The used 
experimental device and the approach are the same as that of an example 2 
except for the matter described below. 

[0063] Here, the a-Si solar battery was actually produced. At this time, what 
attached Sn02 thin film to glass with a magnitude of about 80x80cm as a 
surface electrode as a substrate was used. Moreover, each film of p mold (it is B 
(boron) doping and 100A of targets), i mold (doping nothing, 3000A of targets), 
and n mold (it is P (Lynn) doping and 300A of targets) was formed as a 
solar-battery layer as a-Si film. At this time, the membrane formation approach 
by this invention was applied by condition [ of Table 2 ] (B) - (D)< Furthermore, 
the ITO thin film and the silver thin film were attached on it, and it considered as 
the rear-face electrode. Moreover, in order to take a high electrical potential 
difference, each class was divided by about 5mm width of face, and the surface 
electrode and rear-face electrode of each fragment were integrated by carrying 
out series connection of bond each fragment. That is, the solar-battery area per 
one fragment is 2 about 40cm, and will have 160 steps of it. Parts other than the 



a-Si film are forming membranes on the same conditions. A quantity-of-gas-flow 
setup at the time of membrane formation of an a-Si film part used that to which 
about 1000 sccm(s) and H2 quantities of gas flow were about 500 sccm(s), and 
it contained B»2 H6 or PH3 about 1 % in H2 gas, respectively when SiH4 quantity 
of gas flow formed p mold or n type layer. Moreover, the solar-battery section 
was divided on about 5mm square after solar-battery property measurement, 
and the heterogeneity delta of a-Si thickness was measured by the volumetry. A 
result is shown in Table 3. 

[0064] In the integrated solar battery, when open circuit voltage differs partially 
within the same fragment, the open circuit voltage per step settles down near an 
average electrical potential difference. Also when short-circuit currents differ 
between the fragments by which series connection is carried out, the whole 
short-circuit current settles down near an average current value. That is, if open 
circuit voltage differs from a short-circuit current partially, the property of a solar 
battery will fail, the solar battery which is not integrated in order to establish 
comparison criteria the setting passage of the above [ that thickness ] -- 
producing - the property of the solar battery of this about 1cm angle -- 
open-circuit-voltage: - about 0.92 - V and short-circuit current: - about 16.2mA 



and curvature factor: - about 0.72 and output: - it was about 10.7mW. and -- 
supposing the solar battery of this about 1cm angle is ideally accumulated 
without loss by the above-mentioned substrate - the property of a solar battery 
— open-circuit-voltage: - about 147 — V and short-circuit current: — about 0.65A 
and curvature factor: — about 0.72 and output: — about 69 -- it is set to W. 
Hereafter, this is called an "ideal property." 

[0065] The property of the solar battery produced by the above approaches is 
shown in Table 3, and the ratio to the ideal property of these properties is 
appended to Table 3. 
[0066] 
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[0067] 
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[0068] (Example 3 of a comparison) Similarly the thickness heterogeneity delta 
and the solar-battery property of a solar battery which were produced are shown 
in Table 3 like an example 3 except having used the conditions (A) of Table 2. 
[0069] In the case of the conditions (A) of the example 3 of a comparison, the 
heterogeneity delta of thickness reaches even to about 52% first from Table 3. 
And open circuit voltage is falling to about 76% of an ideal property as a 
solar-battery property. Since this has the part (it is about 50A by guess) whose 
thickness of p type layer which has mainly determined open circuit voltage is too 
thin, electric field are not fully formed in a solar battery, but it is considered that 
there is a part with low open circuit voltage. Moreover, although the short-circuit 
current remains in about 60% of the ideal property, this is considered to be 
because for light to be superfluously absorbed [ that there are few optical beam 
induced currents and ] in p type layer by the part (for it to be about 150A by 
guess) whose p type layer is too thick in the part (about 1500A) whose i type 



layer is too thin- It is thought of because equivalent series resistance becomes 
large in the part (about 4500A) whose i type layer is too thick that the curvature 
factor remains in about 74% of an ideal property. It will remain in about 34% of 
an ideal property as effectiveness putting these together. 
[0070] Next, an example 3 is explained. 

[0071] In the case of conditions (B), although each property parameter is inferior 
to an ideal property (about 83%, a curvature factor: open circuit voltage; about 
94%, short-circuit current : about 85%, an output : about 67%), as compared 
with conditions (A), it is improved twice [ about ] with the output. This is 
considered to be because for the thickness heterogeneity delta to have 
decreased even in the abbreviation one half of conditions (A) by making supply 
time amount below into the consistency relaxation time among electric energy 
conditions of supply, 

[0072] Next, in the case of conditions (C), although each property parameter is 
inferior to an ideal property (about 93%, a curvature factor: open circuit voltage: 
about 99%, short-circuit current : about 90%, an output : about 83%), as 
compared with conditions (A), it is improved twice [ about ] with the output. This 
is considered to be because for the thickness heterogeneity delta to have 



decreased on about 35% of conditions (A) by making supply time amount below 
into the temperature relaxation time among electric energy conditions of supply. 
[0073] And in the case of conditions (D), it turns out that the ideal property is 
approached considerably (about 99%, a curvature factor: open circuit voltage: 
about 100%, short-circuit current : about 94%, an output : about 93%). This 
considers as power conditions with which supply time amount is made below 
into the temperature relaxation time among electric energy conditions of supply, 
and a formula (1) is filled, and is considered because it can be set as the field 
which fills a formula (3) as thickness heterogeneity delta. It is thought that 
reduction of the curvature factor from an ideal property is mainly based on the 
resistance loss in a surface electrode, and the thickness distribution itself is not 
almost at the factor on which a property is dropped. 
[0074] 

[Effect of the Invention] According to this invention, supply and a pause of 
electric energy are repeated and the manufacture approach of the uniform thin 
film of thickness is offered only by setting the supply time amount of electric 
energy under to the plasma consistency relaxation time. According to this 
invention, the manufacture approach applied effective in the manufacturing 



installation of the semi-conductor film of the liquid crystal display and amorphous 
solar cell with which thickness homogeneity with it is demanded is offered. [ a 
large and substrate area and ] [ high ] 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a schematic diagram explaining 1 operation gestalt of this 
invention. 

[Drawing 2] It is the schematic diagram of electric energy. 
[Drawing 3] It is the graph which shows the thickness heterogeneity delta of the 
a-Si film formed on the substrate at the time of changing the supply time amount 
of electric energy. 

[Drawing 4] It is the graph which shows the effect the relation between Power P, 
and the area S of the electrode with which electric energy supply is made and 
the frequency f of a RF affects the heterogeneity delta of thickness at the time of 
supply of the RF which performs electric energy supply. Refer to the explanation 
in this specification for the notation in drawing. 



[Drawing 5] In the example of this invention, it is the graph which shows the 
thickness heterogeneity delta of the a-Si film formed on the substrate at the time 
of changing power at the time of supply of the RF which performs electric energy 
supply. 

[Description of Notations] 

1 Power Generator 

2 Electrode 

3 Electrode (Substrate Electrode Holder) 

4 Gas Port 

5 Ingredient Gas Holder 

6 Chamber 

7 Substrate 

10 Electric Energy 

T1 Supply time amount 

T2 Quiescent time 
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[Drawing 2] 
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x*/i/^~ioioflaet#±t«iyatiiJ:tfa*s- 

M*jM&ttSStt& LT, #5X8*57 tf«y ttttS 

[0 0 3 3] COHBSffl^Tv a-SiJi=&WTC0d;3tC 
LTiUSLfto CZT, E^i^lOOPatUfto 173514 
SKI K* y $527. 12MHzOSJBiSx^/^-©W©i:i* 
ifctttli yiBLT***!:. C©4««KWx*/^-09 
*tuh^HT2*t««SBSIi8T1i:||SW[E^L< Lfe. SIHi© 
M*4«'7.*7 P 5X^R|IC Lv SiH«CStta(C«ff L 
ft, COJHMi*Jff7^1Mg7±{ciMI*-ttT, a-SiH 

*-«iDft«&l«HT1*|6ft*-a:T» StfLhicjM Lfta-51 

mwmwt sm{2) «»s Lft 0 ss«b 3 

6=(dmax-dmin)/(dniax+dniin) (2) 

dmax : K»*S±C0S^JP&<>: LTHIWl^WjPt 
dmin : SS«±®Ji»iS^t LT-WMKWW* 



(5) 
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[0 0 3 4] mzzsat* f«ie^H* x iooo(L(^(=iiii 

If, 100jy8>rti20%-gJl«:!5:;5., 
[0 0 3 5] ±13©*^ a-SI*J«iW*«*» CO 

a©75X7fc»H-***ww<Fi«s adwmn. as 

<fcttiK»Hi1ll$NI(i> *tl«ltt1000y|fc fflOfffe 10 

s*tf»aoi/i»T*«ctfl'aa?**. *?T, 10 

M«>Jj)Lt1000jw«Wj(Tfct^l»M(*, iMttHPtciiLT 
[0 0 3 6] tUtftx^/lr^-O-WISifelBILTfrS© 

ft*r*;u*-i*X7Xv©a**s*ttii,i: y «bs< 

[0 0 3 7] d^Ts *WSlSll*10^»ah1000ju»W 

?©am«esi!FtiTv yvxvmo*?*, x?x 

*tf'>ft^«m^S^7Xvtt?3BtJi6ftLT*T» 75 

-asy, «mn«X7X?«)ejsaffl«n 

SITS CitfnJt&i 4-5, 

[0038] l#u *»»o*ja**fflr*Wiicfi 

BSJS«SRWIII*HttJc»SnTL^1000/x»(=1 m#) t 

m T>®-wm*izz t*wmicjw ltv%. 

[0 0 3 9] *6tEBB3J;y» «W8lBtf10j/IMX±T» 

[£ 10%£ So C ft [iJKT©3S K J: S <h # x 6 
ft3„ (KNMlBtf, 0.01ju^W±10ju»WT7«5»3HB 

<0^7XVtt?S(c«t-aT«<R*ns. CftewiaiS? SO 



8 

5 xvs?8¥tt s (tempo tf 10 p »w±i 000 ti wkto 

»&0^7Xvtt?»cib^T*6K*6»L*r<» X5 

So £^Ts «tt^*^5Xvfl!)il«WRlWBWTK 

[0 0 4 0] Lfr U *»^#8%ffijf 

itfi&S. «Br»Jft<0fta6O»«X^ HUP 

£5, iUHm*M<QJIII£«1fe 

<fc-5K?££LTt,> BfflBtW£fi»*flll|[#*3WI6*i 

[0041] «±lc»*fcj;3lc» Jiff^-tttfiS* 
fS^S© 1 ^£ LTJtlSLft, WIIATaWilcj: 
5 X? X?^? Utt?©*/*** J: /* ft tt 
*©«£»*, X7Xvtt?<Di6ife{cj:y*a)f»e+» 
4'$ o$y, mstttx*/^-© 

noggin * +4M*s- < r* c t ic j; y % x? xvuff?® 

«tttf1Ei*tU X5Xv33«fctf7-^*/Utt?<0fflB» 
«fiflEtf'J»S<ft'3Ts li»yti*«©BJlTO-H4 

6tt/M<r*ci#miift*. wiwx*/^-© 
X5Xv«ji3«aBHJ:yt.!s<, *y» 
«i<i«umBM<jcyfcai,\ #sl<h\ mmw 

L<tt1Qf/»*SI"efc*. 

[0 0 4 2] W±©J:5&St{i©i!!3t73';Sl!:tet7§^m 

«~»100HIHz«>liJiitofl«HK»?aS4tf, iJBOfWBtt 
JH& ^JftftX^XV^CD^feSL, l*/P*-tt 

kHz«T©ffi«5*x 100MHzJi(±©UHF*SffliS, fe<tl/1 

3. 

[oo4 3] *6fEv tmBmtc^^zits mmm 

ttt±m?$<Oiti3\ fel : 1 T'&Zi&tt^TimL 

IBiftahttrawltfttyffS. ff*L<tt, c©Jibti. 
101 :10~1 :0.1T*tf» cfcy»SL<tis »1 : 1 

[0 0 4 4] *||^©giJ©»S Lk^HHRnKC? 

*&mU tt^^BO-IOOPaiL, W»Wx*;u^r-t 
LT^13, 56~(&54.24AIHz©BJHifi*teffl'Lft l , 
S)iEaffl©M2 ( t^rs^ii!! i «ffi3£0±t^ a-SiH^ 
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»0.04i»2(ilft20cnift), «ft0.16ffl2(«40cmft)» ®\.^m 
[0 0 4 51 ®4lts Z.CO&vfcLTs ^$tffrr*;l/:f 

tip t^m^,m^i^-'mmtn^m(omms 

(P(W)/S(l»2))»s =f(MHz) (4} 

^m^mammm-mm^tr^ moot* 

JiJ?^i§-tt6 6^(3) : 
fi=(dmax-dmin)/(dmax-Ntain)<0. 15 (3) 

[0 0 4 6] M4\zmLrc<kvic, mmzp/sztz 
( p / s ) T>wm*<Dm&m* 5W«t» 

^ns^atc ssji[^3s-tt6tf'a(3)©««KA*s 

[0 0 4 7] 3(3)OfllKtcA6ttl«TOh-ftNVfta 

ttfl t wwfi:j:oT»*i«ffiaj«iw:*ct, &*xwm 

C«. 40 
[0 0 4 8] -5, ffiM3RQitttt&l;bP&«S(ttix* 
ti*«»!>Bms tmmmcDmm f £ 

SCO) ^jgft-r aw %Kff»^tft#6ti§ = t 

[0 0 4 9] CtOSfcOSHttTB, i-XT^J:?^ 
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$r? * < l > ic * y «ff SATOi^ttVftottlftS 

(Oitt^TT < 3 -f > * V* (i -f V fcf- £>X 
tLTtt2X7TX f XLTK8ll , 'T<S. 0*y» ffcJt 

co^#tfna-r-5 0 aBJBa<o«ie«*ii*s(p/s)tf 

[0050] d(1)«9J:3«M»U« 75X7«3g£ 
fr*. CCPx 566(1 )£lftT&ftrt©^ii&©£'h 

[00 5 1] ?6(Cs «*S«#il»r5XT«D«fJ«Wll» 
[0 0 5 2] «±«DJ:9ft}firaHrfl(.'«^«imH£* 
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ffilfctf* *"X©>m *5WiWIB<&« 

[0 0 5 3] JBUtt, a^i*«/&j:L7i:WHlOfiej| 
[00 54] 

*©«K&i6t*OlUR!*Htfi*«TlESir. £© 
y 5 X? c v D KM^HM Lfco SfiftloMr 5 (Sffi 
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fto «MH*yfti5*rt>fcc5K5r>r/i/ra 

oB*H^teajELft. *ft, ^xvaKoBBaHt 

mt Hz M) lCTJftfc Lft. ttfWXttSIIU (9Mft1000s 

«27. nmz<wsmmnt}P=m2SQoit)zmm u >ns 

10 *ftjB**m«2£LT1mxii©*«>*fflt\ ««* 

T«1 «*fr(2)'v(4)(CSr)* tflE±tCJ**Lfta- 
S1M©«W«Mi<«< 2 ) T?j£»*i*JfcLfc. COt^l 
*»i*/l/*-fttt**ltr*BBn2'feTi:»L< L 

it, mmetfitcmt, 

(mm 1 )* 1 ©&ff ( i ) tcsxr «t o ics $ttttm£E 

20 T- Si?±fca-SiJI£miiU ?<DHt#$i«a;£L 
ft. lBJIUrHi;<«1 (CRT. 
[0055] 
1*1] 



m 












turn 




(Pa) 


(X) 


(1) 






JOO 


72 


(2) 


100 




100 


3D 


(3> 


1Q0 




4€ 


14 


C4> 


I 




100 


10 



*1*#ISLT* Sf, EAftpOOPaOftffClK (2) 
SJ;a : (4)lcO^Tie^So AttW1 OlMat«(-"c 
nO©**(fcff(1))» «(2)TS«*h«TJt-tt5 
(4k $72%tdlLft, CtlldttU *JtiS"Jl 0T=*nOO 

tim 1 Offi*iKl40Pa<7)*^ (&ff ( 3 ) ) T=»100 ^ 
ft. 

[0056] mmmit, mmmmmmnou^ 

x^oaMBfBBWtfcytat^Rffrfcy. t«*2ju» 
Ttf^9Xv©»«WDiiSMIJ:yH<» 

cttMmnnj:u<b!i<r*(iiff(2), ok (4» 
Cftff(4))ctic«t:y, WF^Htae-JiiO** 

[0 0 5 7] MHI1(D», *ffC3), (4)? 



30 Ymthtcmmte, aoimu *»a*©«t»JA 

»**ff#*«*;fi-a'*. 
[0 0 5 8] GWl2);t^fcS^TlHRKa-5IJi 
*j«IILftt#®l««»a4:*fl9»ill«Ji(TKi5\-r. ffi 

[0 0 5 9] ffi^ftiSliiS^ JHfflftf -»27. 12«HzT 
CCOlsSfUcf ©Ji^. iC(1)?4AS^5if*L 

P&JSlOOOWA^lKMOOOWtcSTSgfb^ft, Sft, 8£t 
40 tti*/l/*-(0ttlWSIHITltiiuhBSIBT2t©Jt*»l : 
9iiS^Lft. 

[0060] ccot^ mz±izimztitca-$m<Dm 

y, «AiP3S«i»iooow«±o»^tt, KffJF^-ttfitti 
5%iXTi^oft, 
[00 6 1] Cttira 2)«*P*»1S0WSJ:t) ! »70«t 
LftCttt*H*, *SSffl2t|3«l(cLT, Wfi±Ka-Si 

5tCSf s 05<ty. WftP/ftB700IWF<O*&tt* SI 
50 ff^-tt6^15%JJ[J;i§?ft„ ifeStE«92 



( 8 ) 
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[0 0 6 2] (*M3)MHItf ^TftltlCa-Sia 
*^tftt*©J«ill*afi:*<OlSJI*WTK^-f. ffl 

[0063] £ C T*(*> *IWca-5 i *IMtt*fl4K L 
tc ZtOt^s K«i:UTI4lSF80XB0e«©**#Otf7 

*<D±K, a-SiflStLTpSKB (#□*✓)* K-tV 

?\ sanooA). iBKF-evfKu atooooA), 
s *tf n ai ( p (u v) * k- a«3oo A) osk 

*;WWW<!:LTfl«Lfc. c©4#* *9MlK<l:ft 
AM«jS*, «2<0ftft(BK(D)T»|Lft. 

ft. *fc «E*X< tS/tiftft 5 mtnffl-?&Jl£#Klr 
U ttifhOMK«nni&llll«?ftfSi 
M-*uailMir« C ttfMMfc Lfc. y , i WrM-as 
ft y <9*m%Dtft»nr4oaz y , iM&fc* 

^ttfifalOOOsccm, Hz tfXS&atf ifa500scctfC\ p^S 
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ft, *PM»&i!Uim ±mnimzm5mmzftm 

fto *SSI*83KoVj- B 

[0 0 6 4] MKbLftfcWBSlcaS^Ttts HCWr* 



io *EWHntiwvanicji&« &*n*%atftt#* 
*tl*^. manmvzitibK JMwtLftt** 

1 cmftfl)*l««©»ttl*, HfinE:iK)0.92V« ffi* 
fiBdtE : tt16.2iA* ms? : ^0.72, 4)J;tfB* : ftl 
0.7mVf7-£^ft. *UTs 1 am<D±mW&&± 

*l£l?to#ttt*> MtfUE : ft>147V, !6ffi«* : £>0. 

65A, A*B?:M)0.72, SitfHtfj : tt69H£ft*. K 
T-. nfflBHfttj iff*. 

20 [0065] BUTfirod; 3 ft* ft-pfKI Lfc*|8W»a8 
tt««E3(CqfU Ctl60«ttflW«i»ttlC*W*il* 
!&*3lCWgB-r«. 
[0 0 6 6] 

mi] 



[0067] 





WftttM 










U80 




turn 


m 


(A) 




>wmmmft 




200 


<B) 


50 




450 


700 


CO 


5 




45 


700 


(D) 


5 




45 


2000 


[313] 





m& 






5 






mm? 






(*) 


<V) 


<A> 


(-) 


CW) 


mm 




H7C100SS) 


0.65(1 DDK) 


0.72(iD0SS) 


69 00096} 


(A) 


E2 




0,3»<B0X) 


0, 53 (74%) 


23(34%) 


(B) 


28 




0. 54 (83%) 


0.51(85%) 


48(67%) 


(C) 


is" ' 


145093S) 


0.60(9396) 




&7CB3&) 


CD) 


6,5 


K7(1QQSf> 


0. 64 (995*0 







[0 0 6 8] (ttKM3}«2«E)ifcft(A}*fflt>ftC&« 40 
W-tt« <fc*HW5lM*tt*lRl C < * 3 Kg?*-. 

[0 0 6 9] « 3 «*; y, *tmmom(A)m 

*lWI»ft1&£ LTB, B8([WEtf^«ttO»76%(!: 
p S«ffl»*tf»-r (»T«50 A) iS^ft 



fl^ »isooa) T-mmwm'm^z. 1 1, pmm& 

"f i?3aJ# (W4500 A ) 7»*«SW:B5>J«*vtf** < ft* 

[0 0 7 0] ^(CSSSfilJ 3 tE^»L>TKWf 5. 

[007 1] ^#(B)£Dii^l±, asa#ttc); y ttWStt 
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(A) fcJfcttTS t &f]T°m 2f£## * ft'TV*. C*l 
(A)c9$&¥#te£?M'>Lfc££fc£5£#*6ft3. 

[oo7 2] #ac£mc) ©Jt&wu m«^tt<fc y aft 

HSft : $593%, ft*H? : 1590%, tHtl : $583%), A 

C A } ©$535% It * Lfc £ <h (C £ 5 6 
tOO 7 3] *LT, *ff(D)©*^tt» ft&Umitt 

tttcig^rio-s z mans. : $5100%, as 

fttgjffi : $599%, fts&H? : $594%, iU73 : $593%), 
JSBWftBSWJJlTtc U «osft< l ) tStfc* W** 

[0 0 7 4] 
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ns i ] mmoi-mmmmm^imm^^. 

[02] WSSftxi/^-OWSHTiS*. 

[Hi 3] ■«ttx*/u#-©^BSH*£fb£#fcii£ 
0, «^KrtW*tifca-si«©iiiw;(s-tt6*air 

[El 5] «WK0*»1H{c^Ts WKftx*^*-* 

2 mm 

20 3 
4 
5 
6 
7 
10 
Tl 

T2 ttlUM) 



«itas*/i l '^-) 



12] 



3 7 2 



/ 









H2 














IS 



( 10) 



mrmooo-onm 



m3i 




80 



10° 10 1 10 2 1 0 3 cw 

ftgBSB (US) 

CE151 

f=i27.12 MHz, S=1.0m z 



60 

KS 

tt. - . 

A 40 



20 
0 



| I I < P | I I 



■ it 



15% 



T I I 1 I I I 4 fc 



0 1000200030004000 
P(W) 





80 1 




70 | 
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30 f 




20 [ 
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0 E- 



S = 0.04, 0.16, 1.0 m 2 

J I I IMII| J 




10 100 1000 10000 
P(W)/S(m 2 ) 
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EH19 EK07 GB08 



